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1.0 Introduction 


From April 1988 through April 1991, the Naval Postgraduate 
School (NPS) repeatedly occupied a series of hydrographic 
stations extending offshore from Point Sur, California (36° 
20'N). The intent was to study the temporal and spatial 
variability of the California Current system, and in particular 
the California Undercurrent (CUC), at that location. 

Generally speaking, the California Current system is comprised 
of two flow regimes: a broad, weak (< 25 cm-s™'), equatorward- 
flowing current (the California Current), and narrow poleward- 
flowing inshore boundary currents (the California Inshore Current 
and the California Undercurrent) (Rischmiller, 1993; Reid and 
Schwartzlose, 1962; Wooster and Reid, 1963; Lynn and Simpson, 
1987). The California Undercurrent (CUC) is distinguished from 
the relatively cool fresh subarctic water of the California 
Current by its warmer, saltier Equatorial water mass, and has 
been observed locally at sites ranging from Baja California 
(Wooster and Jones, 1970) to Vancouver Island (Hickey, 1979). 

Its continuity, however, has not been established, and it may, in 
fact, be discontinuous (Tisch, et. al., 1992). Off Point Sur the 
CUC can be found throughout the year over the continental margin 
(= 33 km offshore) at a depth of 350 m and with an average speed 
of 7.6 cm-s7 (Collins et al.,1996). 

The data for this atlas were collected during 19 cruises 
between April 1988 and April 1991 by the NPS Department of 
Oceanography. This atlas is intended to show the hydrographic 
structure off Point Sur, California, and is particularly intended 
to characterize the CUC in this region. During these 19 cruises 
related velocity observations using an acoustic dropsonde 
(Pegasus) were also made. Those data have been examined by 
Rischmiller (1993). 


2.0 Observation Program 


In 1987, NPS established the Point Sur Transection (POST) asa 
location to study the long-term variability of the alongshore 
currents of the CUC. The POST extended offshore due west from 
Point Sur and perpendicularly across Sur Ridge to intercept the 
California Cooperative Oceanic Fisheries Investigations (CalCoFi) 
line 67, which it then followed to a point approximately 200 km 
offshore (Figure la). This area had the advantage of being near 
NPS, yet without the complication of the complex topography of 
the Monterey Submarine Canyon (over which the inshore part of 
CalCoFi line 67 tracks). The 19 cruises from which the data for 
this atlas were collected followed the POST (Figure la), and were 
completed on an approximately bi-monthly schedule from April 1988 
to April 1991 (Table E2). In April 1988, the first cruise aboard 
the USNS DeSteiguer established the station locations for the 
program. Subsequent cruises in the program aboard both the R/V 
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Figure la. The Point Sur Transection (POST), with cUC CTD 
station sites. 
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Figure 1b. CUC CTD station sites not on the POST. 


Point Sur and the USNS DeSteiguer did not significantly deviate 
from these positions except insofar as weather conditions 
dictated. Hydrographic stations 1 through 18 were always 
occupied, while stations 19 through 22 were occupied as time and 
weather permitted (Table El). Additionally, other hydrographic 
stations along the Monterey Submarine Canyon, in Carmel Bay, and 
in Monterey Bay (Figure 1b) were also occupied during each cruise 
as time and weather permitted. It should be noted that stations 
are more closely spaced near the coast than farther offshore 
(Figure 2). This was done to better resolve the current 
structure, which was anticipated to be relatively complex, over 
the shelf and slope regions. 


3.0 Data Acquisition Equipment and Procedures 


For all the cruises of the CUC program, hydrographic data were 
collected using Neil Brown Instrument Systems MK-IIIb CTDs 
(conductivity-temperature-depth) equipped with 0 to 6400 dbar 
pressure sensors. At each station, data were acquired (at a 
sampling rate of 32 Hz) during both the downcast and the upcast, 
although only the downcast data were ultimately used for the 
final results. At each station, the CTD was lowered through the 
thermocline (between 50 and 150 m, depending on the particular 
CUC station) at a speed of about 0.5 m-s™’, and thereafter to the 
bottom at a speed of about 1.0 m-s7?. At all stations, a General 
Oceanics (GO) rosette sampler was attached to the CTD and was 
equipped with up to 12 5-liter Niskin bottles for in situ water 
sampling. A minimum of two water samples-- one at the deepest 
depth of the cast and one near the surface-- was collected during 
the upcast at each station for salinity calibration. 
Additionally, water samples were usually also collected during 
the upcasts at depths of 1000 and 3000 m (where possible), also 
for salinity calibration. Finally, during all but the last 
cruise (April 1991), water samples from numerous other standard 
depths were also collected during the upcasts of approximately 
half the stations for chemical (e.g., oxygen) and biological 
analyses. All these water samples for salinity calibration were 
then analyzed in the laboratory immediately following each cruise 
uSing either a Guildline Autosal 8400B salinometer or an AGE 
Minisal salinometer. Prior to December 1990, the CTD data were 
acquired using an HP200 computer and were post-processed on an 
IBM 3033 mainframe computer at NPS using software developed 
internally at NPS. (For details, see Jessen, et al. [1989].) 

For the last three cruises of the CUC program, however, the CTD 
data were both acquired and post-processed on IBM-compatible 
computers using software developed for that purpose by EG&G, Inc. 
(EG&G Ocean Products, 1989). 
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4.0 Calibration Procedures 


The CTD pressure and temperature sensors were calibrated 
shortly before and after each cruise. Because of its stability, 
however, the conductivity sensor was calibrated before and after 
only about half the cruises. When the conductivity sensor was 
not calibrated, its most recent calibration coefficients were 
used for any given cruise. However, salinities calculated from 
CTD conductivities were always calibrated after each cruise by 
comparison with in situ salinities of water samples collected 
during each cruise. Pressure and temperature (and conductivity, 
where applicable) calibration coefficients obtained from the pre- 
cruise calibrations were generally the values used for 
acquisition and post-processing of the hydrographic data, unless 
there were compelling reasons to do otherwise. The calibration 
coefficients used during the CUC program are tabulated in 

Appendix D. 


4.0.1 Pressure 


The pressure calibration was carried out using a Chandler 
Engineering deadweight tester as a standard. Indicated 
pressures from the standard and the CTD sensor were recorded 
at approximately equally spaced pressures from 0 to 5000 
dbar. A regression analysis was performed fitting the CTD 
pressures to the standard pressures, which yielded a linear 
fit (slope and intercept). This linear fit was applied 
during the acquisition of the hydrographic data. During 
post-processing of the hydrographic data, an additional 
adjustment to the pressure data was applied: the CTD 
pressure offset at the beginning of each cast was used as 
the final intercept. The calibration coefficients for 
pressure during the CUC program are given in Appendix D. 


4.0.2 Temperature 


The temperature calibration was done uSing a Sea-Bird 
SBE3 temperature sensor as a standard. This standard sensor 
is recalibrated by the manufacturer approximately every six 
months. A temperature bath of 70 to 80 liters of fresh 
water in an insulated tub was used to compare the standard 
and CTD sensors at 1° increments from 0° to 20° Celsius. 
Thirty data points were collected at each temperature and 
then averaged to yield a single calibration point for each 
temperature. A regression analysis was performed on the 21 
calibration points, which yielded a linear fit (slope and 
intercept). The calibration coefficients for temperature 
during the CUC program are given in Appendix D. 


4.0.3 Conductivity 


At the beginning of the CUC program, the conductivity 
calibration was done using water samples analyzed by a 
Guildline 8400B Autosal salinometer as standards. Later, a 
Neil Brown Conductivity Salinity Adaptor CSA 1250 
conductivity cell was used as a standard (with water samples 
analyzed by the 8400B Autosal used to doublecheck the 
calibration of the conductivity cell). Five saltwater baths 
of 70 to 80 liters with salinities ranging from about 15 
mmho-cm* to about 55 mmho-cm? are maintained at room 
,temperature. Indicated conductivities from the standard-- 
either water samples from each bath or conductivity cell 
values-- and from the CTD sensor were recorded for each 
water bath. Regressions were then performed fitting the CTD 
conductivities to the standard, which yielded a linear fit 
(slope and intercept). This linear fit was applied during 
the acquisition of the hydrographic data. Because the 
conductivity calibration of the CTD varies very slowly over 
time, it was not done before and after every cruise of the 
CUC program. The calibration coefficients for conductivity 
during the CUC program are given in Appendix D. 


4.0.4 Salinity 


In situ water samples were used to adjust final salinity 
values for each cruise. Usually, a straightforward 
procedure similar to that used for the pressure and 
temperature calibrations was used. However, because of a 
conductivity sensor fault, a more complicated two-step 
procedure was required for salinity calibration of six of 
the early cruises of the project. For the simpler, 
straightforward salinity calibration procedure, the CTD 
pressure, temperature, and conductivity were recorded as 
each water sample was collected. These numbers, after 
applying the appropriate calibration coefficients (Appendix 
D), were used to calculate salinity and the results compared 
with the water sample salinities determined in the 
laboratory after each cruise using a Guildline 8400B Autosal 
Ssalinometer or an AGE Minisal salinometer. The mean and 
standard deviation of the differences between the CTD 
salinities and water sample salinities were calculated. 
Data points greater than two standard deviations from the 
mean were discarded. The mean of the remaining salinity 
differences was then calculated and subtracted (as an 
offset) from the CTD salinities. A regression was then run 
on the "offset-corrected" data, yielding a linear 
relationship (slope and intercept). The comparisons of the 
water sample salinities with the CTD salinities is given in 
Appendix C2. 

In addition to the standard procedure above, an 
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additional step was required for the salinity calibration of 
the CTD during some of the early cruises of the project. It 
was discovered that one of the CTDs used during the CUC 
project had a defective conductivity cell which produced 
larger errors as the ambient pressure was increased. An 
additional initial step, therefore, was required in these 
cases to remove the pressure effect. It was found that a 
second-order polynomial fit between the salinity differences 
(between the collected water sample and the instrument 
observed salinities) and the pressures at which the water 
samples were collected could be used to model the pressure 
dependence of the sensor. Fitted salinity differences were 
computed from the polynomials and added to the instrument 
salinities, removing the pressure effect. Thereafter, the 
salinity calibration proceeded in the standard method 
described above, with an offset being determined and 
subtracted from the data followed by a regression being run 
on the "offset-corrected" data to yield a linear fit (slope 
and intercept). The coefficients of the second-order 
polynomial fit are given in Appendix Cl; the standard 
comparisons of the water sample salinities with the 
"pressure corrected" CTD salinities are given in Appendix 
C2. A more extensive discussion of the removal of the CTD 
pressure dependence effect can be found in Tisch (1990). 


5.0 Data Processing 


(Although the actual hardware and software changed after the 
November 1990 cruise, the CTD data processing methods used were, 
1f not identical, similar both before and after December 1990. 
For a detailed description of the data processing software and 
methods used during the CUC program prior to December 1990, see 
Jessen, et al. [1989]. For a more detailed description of the 
processing software and its use after December 1990, see EG&G 
Ocean Products, 1989.) 

Raw CTD data were processed on a PC-compatible computer 
system. The software (EG&G Ocean Products, 1989) automatically 
flags suspicious pressure, temperature, and conductivity data 
based on user-specified first differencing criteria, and allows 
the user to examine and interpolate across flagged data as 
necessary. After the elimination through interpolation of any 
bad data, salinity was calculated from corrected values of 
pressure, temperature, and conductivity according to the 
algorithm of Lewis and Perkin (1981) and utilizing a dual time 
lag filter to remove time lag spikes. The data were then 
averaged to 2 dbar. The final salinity corrections (as described 
above) were then applied. The data tables provided in Section 9 
are derived from 10-meter block averages of the final 2-meter 
data set. 


6.0 Presentation of the Data 


Stations 1 through 18 were closely spaced along 36° 20: IN -t6r 
a distance of approximately 101 km. Stations 18 through 22 
extended an additional 125 km along CalCOFI line 67, which is 
oriented at an angle to the near-shore segment of the transection 
(Figure la). Figure 2 shows the nominal spacing of the stations 
along 36° 20' N and CalCOFI Line 67. Finally, a few stations in 
Monterey Bay and a single station in Carmel Bay were also sampled 
(Figure 1b). 

Most stations were visited approximately six times per year 
from April 1988 to April 1991, except that the CUC transection 
was occupied twice during the April 1988 cruise. (The first 
occupation is referred to as April 1988A, the second as April 
1988B.) Stations 1 through 18 were sampled on every cruise. 
Section 8.0.1 presents charts of the locations of the stations 
sampled during each cruise of the CUC project. Mean fields for 
the CUC hydrographic transection, including a mean temperature- 
salinity graph and a mean density anomaly-spiciness graph, are 
Shown in section 8.0.2. Individual cruise hydrographic 
transections for temperature and salinity are given in section 
8.0.3, and for density anomaly and spiciness in section 8.0.4. 
The individual hydrographic transections include the pertinent 
station locations. All the transections were constructed with a 
contouring grid which had 30 points horizontally and 50 
vertically using program Plot Plus. This yielded grid intervals 
of less than 8 km horizontally and 80 dbars vertically. 

Finally, temperature-salinity and density anomaly-spiciness 
plots are given for the individual cruises in sections 8.0.5 and 
8.0.6, respectively. 
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Stations Occupied April 17 - 30, 1988 
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Stations Occupied April 27 - 30, 1988 
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Stations Occupied August 3 - 8, 1988 
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Stations Occupied November 14 - 19, 1988 
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Stations Occupied November 14 - 19, 1988 (detail) 
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Stations Occupied February 3 - 7, 1989 
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Stations Occupied March 25 - 30, 1989 
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Stations Occupied May 11 - 20, 1989 
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Stations Occupied July 28 - August 3, I989 
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Stations Occupied September 25 - 30, 1989 
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Stations Occupied November 15 - 22, 1989 
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Stations Occupied November 15 - 22, 1989 (detail) 
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Stations Occupied January 17 - 24, 1990 
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Stations Occupied January 17 - 24, 1990 (detail) 
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Stations Occupied March 19 - 25, 1990 
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Stations Occupied March 19 - 25, 1990 (detail) 
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Stations Occupied May 17 - 23, 1990 
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Stations Occupied May 17 - 23, 1990 (detail) 
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Stations Occupied June 14 - 22, 1990 
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Stations Occupied June 1 - 22, 1990 (detail) 
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Stations Occupied October 21 - 31, 1990 
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Stations Occupied October 21 - 31, 1990 (detail) 
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Stations Occupied December 13 - 18, 1990 
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Stations Occupied February 21 - 27, 1991 
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Stations Occupied February 21 - 27, 1991 (detail) 
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Stations Occupied April 5 - 10, 1991 (detail) 
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8.0.2 Mean Fields for the CUC Hydrographic Transection 
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8.0.3 Individual Section Charts: Temperature and Salinity 
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8.0.4 Individual Section Charts: Density Anomaly and Spiciness 
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8.0.5 Individual Section Temperature/Salinity Charts 
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8.0.6 Individual Section Density Anomaly/Spiciness Charts 
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Flament (1986). 
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Appendix B-- Personnel List 


The following table lists the personnel aboard each cruise. 
Unless otherwise indicated, the cruise participant was affiliated 
with the Naval Postgraduate School. A "C" indicates the chief 
scientist for that cruise. Note that there is no cruise 14. 
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Appendix B-- Personnel List (continued) 
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Cruise Number of Cruise 
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C. Rathbun? x 

D. Roberson x 


Ruiz Xx 
Sakamoto? Xx Xx 
Sanderson’ x X 
Smith? x 
Stanley® 4 
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Stockel X Xx x x x 
Tanenbaum? x 

Tayal x x 

Thomsen? X 
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Monterey Bay Aquarium Research Institute 
Moss Landing Marine Laboratories 
University of California, Santa Cruz 
Duke University 

Naval Oceanography Command Facility, San Diego 
Woods Hole Oceanographic Institution 
Fleet Numerical Oceanography Center 
Oregon State University 

University of Southern California 

Boston University 

United States Army (ret.) 

Notre Dame High School 
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APPENDIX E1-- Cruise and Station List 


This table lists the CTD stations and the cruises during which they were 
sampled. Details of the station position are listed on the left. On the right, 
cruise numbers from 1 to 20 head the columns. For each cruise, the "+" signs 
indicate which stations were sampled. 

Stations 1 through 22 comprise the CUC transection, which follows latitude line 
36°20'N from the shore to station 18, then bends to follow the CalCoFi line 67. 
For the CUC transection, the distance column shows the distance between the 
station and the shore measured along the transection. The lower portion of the 
table shows stations in and about Monterey Bay. Note that there is no cruise 14. 


STATIONS Cuc CRUISES 
1 1111 11112 
stn dist dpth lon lat 12345 67890 1235 67890 
a 3.49 40 -121.933 36.333 +++++/]4++4+44 |] +444 | +4444 
2 8.33 100 -121.987 36.333 +etet | tetet | eet} +++ 
Ss. 12.00 135 -122.028 36.333 +tttt | +4444 | +t+44 | ++4+44+ 
4 16.93 315 -122.083 36.333 +ttet] Hetest | He44 | +4444 
5 21.86 665 -122.138 36.333 +4#+¢4+/+++4+4 | +444 | +4444 
6 28.49 885 -122.212 36.333 +++] 44444] +444) +4444 
7 31.89 985 -122.250 36.333 +etet | +etest | Hees | +444 
8 37.53 895 -122.313 36.333 +4444] Htt+et | $444) +4444 
9 41.92 1220 -122.362 36.333  +ttet |] tEttt | Heet | H+ test 
10 47.12 1650 -122.420 36.333 +4444] +4444] +444] +4444 
11 51.78 1885 -122.472 36.333 t+Htte | ttttse | ttt | +t4+44 
2. 57.87 2200 -122.540 36.333 ++Fte] ttttt | Heese | ttt 
13 61.72 2625 -122.583 36.333 bette | tt+tese | ttt (+4444 
14 67.00 3075 -122.642 36.333 teeter | tttest | tees | +4444 
15: 71475..3250 -122.695 36.333 tebe | bette | He tt | Hees 
16 81.61 2990 -122.805 36.333 tett+] ++ttt | tt+ee | etter 
17 91.64 3565 -122.917 36.333 +ettet | tteesest | +444 | 44444 
18 101.58 3300 -123.028 36.333 +tttt] +t+tet | tet | ttteet 
19 117.33 3350 -123.180 36.262 Pett |] Fett | $444 | ++444 
20 148.92 3540 -123.485 36.120 +4444] 4+4+4+44 | +444] +4+4+++ 
21 186.01 3900 -123.842 35.953 + +++] +++4+] +4+4++ 
22 224.92 3930 -124.210 35.770 + + + | ettt | Heed 
0 885 -122.028 36.553 + tee] +4+4++ [+44 + 
23 2970 -122.775 36.456 +44+4+4+/4+ +4] ++4]4+ 44 
24 2980 -122.482 36.600 +4444] +4444 | +444] 444+ 
25 2550 -122.244 36.561 ++++4+)++ +4+/})4+ +4 
26 2250 -122.157 36.618 +4444) 4+4+4+4+4 | +++4+ | +4+4+4 
27 1060 -122.240 36.723 +4+++4++]4+ ++/4+ +4] +4+++ 
28 1190 -122.037 36.756 +++ +!44+ + |4 
29 1500 -122.032 36.702 +++ +)4+ +] 4444 |] +444 
30 625 -121.930 36.784 +++ +)4+ ++] + 
a 355 -121.877 36.794 +4++ + + 
32 140 -121.819 36.798 +++ + + 
33 1000 -122.031 36.771 +] +et+ | tte4 
34 300 -121.847 36.795 + ++ + 
36 354 -121.878 36.795 + 
41 1005 -122.157 36.697 + 
42 1980 -122.178 36.598 + 
43 2000 -122.062 36.640 + 
44 1005 -122.157 36.697 + 
45 2280 -122.172 36.600 + 
46 2000 -122.060 36.640 + 
AZ 3 


APPENDIX E2-- Cruise Dates and Vessel List 


This table lists the CUC cruises with inclusive dates and 
research vessels used. Note that there is no cruise 14. 


Cruise Cruise Dates Vessel 
CUCOL 15 April - 1 May 1988 USNS DeSteiguer 
CUCO2 3 August - 8 August 1988 R/V Porn’ Sur 
CUC03 22 September - 27 September 1988 R/V Point Sur 
CUC04 14 November - 19 November 1988 R/V Point Sur 
CUCO5 2 February - 7 February 1989 R/V Point Sur 
CUC06 25 March - 30 March 1989 R/V Point Sur 
CUC07 10 May - 26 May 1989 USNS DeSteiguer 
CuUCO08 28 July - 3 August 1989 R/V Point Sur 
CUCO09 25 September - 30 September 1989 R/V Point Sur 
CUC10 15 November - 22 November 1989 R/V Point Sur 
CUCL. 17 January - 24 January 1990 R/V Point Sur 
CUC12 19 March - 26 March 1990 R/V Point Sur 
CUCis 17 May - 23 May 1990 R/V Point Sur 
CUCIS 16 June - 22 June 1990 R/V Point Sur 
CUCiS 13 August - 19 August 1990 R/V Point Sur 
CUCL? 18 October - 1 November 1990 USNS DeSteiguer 
CUC18 12 December - 19 December 1990 R/V Point Sur 
CUCIS 12 February - 27 February 1991 R/V Point Sur 
CUCZ0 5 April - 11 April 1991 R/V Point Sur 
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